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Rodent Epidermal Langerhans Cells Demonstrate Greater Histochemical 
Specificity for ADP Than for ATP and AMP 
M. BASEM CHAKER, M.D., MICHAEL D. THARP, M.D., AND PAUL R. BERGSTRESSER, M.D. 
Departments of Dermatology and Internal Medicine, The University of Texas Health .Science Center at Dallas, .Sout;hwestern Medical .School, 
Dallas, T exas, U.S.A. 
Langerhans cells (LCs) in mammalian epidermis pos-
sess the ectoenzyme Ca++ /Mg++ -dependent adenosine tri-
phosphatase (ATPase), which has served as a useful 
histochemical marker for these dendritic cells in a va-
riety of tissue preparations. Since A TPase represents 
only one of several potential cell surface polyphospha-
tases, we investigated the capacities of 3 related adenine 
nucleotide substrates to identify rodent epidermal LCs. 
Cell surface ATPase activity was not inhibited in the 
presence of ouabain and was observed to be strictly 
divalent cation-dependent, with complete interchange-
ability between Ca++ and Mg++. Optimal staining in the 
presence of either cation occurred at a 20 mM concen-
tration. Substrate concentration dependence was also 
observed, with optimal staining at 0.33 mM adenosine 
5' -triphosphate (ATP). On an equimolar basis, however, 
adenosine 5'-diphosphate (ADP) was superior to ATP 
for the identification of LCs both in whole mounts of 
epidermis and in suspensions of disaggregated epider-
mal cells. The substrate adenosine 5' -monophosphate 
(AMP) stained follicular epithelial cells in both rodent 
species but failed to identify epidermal LCs in the mouse 
and only weakly stained these dendritic cells in rat 
epidermis. We conclude from these studies that ADP 
demonstrates greater specificity for LC surface poly-
phosphatase activity than ATP and that the inadvertent 
inclusion of AMP during identification procedures for 
epidermal cell suspensions will falsely identify cells 
other than LCs. 
Epidermal Langerhans cells (LCs) in mammalian skin pos -
sess the ectoenzyme adenosine triphosphatase (ATPase), the 
p resence of which has been used to identify these dendritic 
cells histochemically in a variety of skin prepa rations [1,2]. At 
least 2 different surface ATPases have been previously identi-
fied in cells from other tissues, and have been categorized 
according to their cation requirements and susceptibility to 
certain inhibi tors. One ATPase group is dependent upon Na+ 
and K +, and is inhibited in the presence of ouabain [3,4]. The 
second major group of A TPases functions independently from 
t hese monovalent cations but requires Ca++ and Mg++ for its 
activity, and is resistant to the inhibitory effects of ouabain 
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[5]. Most histochemical techniques employed for t he identifi-
cation of LCs are adaptations from the method of W achstein 
and Meisel which was originally developed to assess ATPase 
activity in frozen liver sections (6] . This technique subsequently 
has been used to identify putative Ca++ /Mg++ -dependent AT-
Pase-positive cells in fixed whole mounts of epidermis and 
suspensions of disaggregated epidermal cells [7,8]. 
Cell surface Ca++/Mg++ _dependent ATPase may represent 
only one of several membrane- related cell polyphosphatases 
requiring these cations. In 1964, usin g the Wachstein and 
Meisel histochemical technique, Wolff [9] examined the effects 
of different adenine nucleotides on frozen sections of normal 
human skin . He observed that different cutaneous structures 
possessed disparate specificities for 3 related substrates: ATP, 
adenosine 5' -diphosphate (ADP), and adenosine 5' -monophos-
phate (AMP) . These and other observations suggested distinct 
heterogeneity among cutaneous elements for different adenine 
nucleotide phosphatases. 
S ince 1964, increasing attention has been paid to the immu-
nologic properties of LCs [10-12]. This work has required 
methods of identifying their enumeration in epidermal whole 
mounts and in suspensions of disaggregated epidermal cells. 
ATPase histochemistry has resu lted in more accurate measures 
of LC densities within the epidermis and has provided a crucial 
step in LC enrichment procedures (8,1 3]. To this date, however, 
there has been no systematic validation of the W achstein and 
Meisel technique as it has been applied to these new LC 
preparations. In addition, the potentia l of other adenine nu-
cleotides (ADP and AMP) to serve as more specific ma rkers 
for epidermal LCs has not yet been investigated. 
MATERIALS AND METHODS 
Animals 
Epidermal cells, as disaggregated suspensions and whole mounts, 
were obtained from rats (Sprague-Dawley) and mice (BALB/c and A/ 
J). Animals were maintained in our animal colony and sacrificed by 
ether anesthesia prior to use. 
Reagents 
Trypsin 0.3%, {Type XI, Sigma. Chemical Co., St. Louis, Missouri ) 
was dissolved in GNK butTer (150 mM NaCl, 6 mM KCl, 5 mM glucose, 
pH 7.6) and stored in 1-ml aliquots at - 20' C unt il used. Deoxyribo-
nuclease (I CN Nutritional Biochemical, Cleveland, Ohio) was dissolved 
in normal sa line and stored at 4' C. Equ ine muscle ATP, ADP, AMP, 
and adenosine were obtained from the Sigma Chemical Co. Previous 
experience in our laboratories has indicated that the sodium salts of 
aden ine nucleotides are unstable once individual containers have been 
opened, even when stored desiccated at -5 ' C. They do remain stable 
and active, however, when dissolved in 1-ml aliquots of buffer and 
stored at -70' C un til use. 
Tissue Procurement 
Suspensions of disaggregated epidermal cells were obtained from 
abdominal wall skin as described previously [8] . Briefly, excised abdom-
inal wall skin was cut in to 1 X 3 em strips and then incubated in 10 ml 
of a 0.3% t rypsin solution for 60 min at 37' C. To prevent cell clumping, 
1 ml of 2000 U/m l of deoxyribonuclease (DNAase) was added to t he 
suspension for the fina l 10 min of incubation. Released epidermal cells 
were diluted in 20 ml of 6.7 mM phosphate butTered saline (PBS), 
fil te red through a nylon fi lter, and centrifuged (400 g ) for 10 min at 
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4-"C. Resuspended cells were washed twice with 10 ml of PBS, and at a 
final concenrration of 1 X 105 cells in 400 J.Ll, were cytocentrifuged onto 
clean microscope ·!ides. 
Epidermal whole mounts were obtained from ea r skin specimens 
that had been shaved and dissected free from underlying cartilage. 
Epidermis was separated from dermis by incubation in EDTA at 37"C 
for 4 has descrihed previously (l). 
Ade n osine Phosphatase A ssay 
Phosphatase -positive ce lls were identified in epidermal whole 
mounts and in cell suspensions using the method of Wachstein and 
Meisel as modified by Mackenzie and Squ ier (6- 8 (. Specimens were 
fixed in cacodylate formaldehyde fixative (4% form aldehyde, 0.8 M 
sodium cacodylate, and 0.2 M sucrose) , and washed 3 times for 10 min 
in 10 ml of Trismal buffer (20 mM Trismal maleate, 0. 2 M sucrose, pH 
7.3) . They were incubated at 37"C for 30 min (whole mounts) or 45 
min (sl ide preparations) in Trismal buffer containing 20 mM MgC1 2, 4 
mM Pb(NOa) , and one of the adenine nucleotide substrates (ATP, 
ADP, AMP), or adenosine. After :3 washes (10 ml) in the Trisrnal 
buffer, the spec imens were immersed in 0.5% ammonium sulfide for 5 
min , washed 4 times with 10 ml of distilled water, and mounted in a 
medium of 90% glycerol with 10% PBS. 
Mounting and Enumeration 
For epiderm al whole mounts, the basal cell layer was oriented upward 
o n the microscope slide. Cell enumeration was ca rried out at 400x with 
the aid of a calibrated 10 by 10 division optical grid. For disaggregated 
epidermal ce lls, the percentage of stained cells was determined by 
moving the optical grid serially ac ross the vertical or horizontal axis of 
eac h preparation. 
RESULTS 
Langerhans CelL A TPase Is Divalent Cation-Dependent 
Although several organ systems in addition to the epidermis 
have been demonstrated to possess ce lls with Ca++ and Mg++_ 
dependent ecto-ATPase activ ity, there exists considerable var-
iation in the specific effect of each cation [14- 18]. We therefore 
stained rat epidermal whole mounts in t he presence of an 
optimal concen tration of ATP (0 .33 mM) (vide infra) a nd at 
selected concentrations of Ca++ or Mg++ _ While no ATPase 
activity was observed in the absence of both cations, increasing 
concentrations of added Ca++ (2.0-20 mM) produced a stepwise 
increase in LC ATPase activity, with optimal sta ining occurring 
at 20 mM added Ca++ (Fig 1). Additional Ca++ (200 mM) resulted 
in a di sce rnible decrease in ATPase activity. The effect of 
a dded Mg++ on LC ATPase activity, in the absence of Ca++, 
was identical to that observed with Ca++ alone, with no activity 
in its absence and optimal sta ining occurring at 20 mM added 
Mg++_ 
For disaggregated epidermal cells, increasing concentrations 
(2 .0- 20 mM) of added Ca ++ or Mg++ once again resulted in a 
dose-dependent increase in the percentage of ATPase-positive 
cells within t he epidermal cell suspension. Maximum percent 
positive cells (4.5%) was observed at an added Ca++ concen tra-
t ion of 20 mM. A higher concentration of Ca++ resulted in a 
lower percentage of ATPase-positive cells. Simi lar results oc-
curred in experiments assessing the effect of Mg++ on ATPase 
activity. We concluded from these studies t hat Ca++ and Mg++ 
are equipotent at t he enzyme-receptor site. To define further 
t he interchangeability of these 2 divalent cations, varying ratios 
of Ca++ and Mg++ were added to the incubation medium with 
t he tota l divalent cation concentration remaining constant at 
20 mM (Table I). No sign ifi cant differences in t he percent 
ATPase-positive ce lls were detected, indicating t hat Ca++ and 
Mg++ are completely interc hangeable at t he enzyme-receptor 
s ite for ATPase-positive epidermal cells. 
To determine whether th is histochemical method a lso detects 
Na+ /K+ -dependent ATPase activi ty, experiments were con-
ducted in which divalent cations were replaced by Na+ and K+. 
Epidermal whole mounts obtained from rat ears were stained 
fo r A TPase activity in 9 combinations of Na+ and K +: 500, 100, 
or 20 mM Na+ and 50, 10, or 2 mM K +. In this experiment on ly 
FtC l. Epidermal whole mounts from rat. ear skin stained for 
ATPase activity at se lected concentra tions of Ca++: A , No added Ca++; 
B, 2.0 mM ca++; C, 20 111M Ca++: and D, :200 111M Ca++_ Optimal staining 
occurred at 20 mM added Ca++_ Bar= 80 11 m. 
TABLE I. tangerhan s cell A TPa:se io activated by Mg++ and Ca++ 
interchangeably in disaggregated ra t epidermal cells 
Divalent cation Stained 
Experiment concentrations cells/ total Percent 
Mg++ (mM) Ca++ (mM} ce lls positivea 
I 20 0 16/ 987 1.6 
2 15 5 5/ :277 1.8 
3 10 LO 14/ 919 1.5 
4 5 l5 1:2/ 856 1.4 
5 0 20 12/ 792 1.5 
"Percentages of ATPase-positive cells determined in cyt.ocentrifuae 
preparations of disaggregated epidermal cells. " 
the control specimen incubated in 20 mM Mg++ exhibited darkly 
stained, dendritic LCs , while a ll other specimens were totally 
devoid of ATPase-positive cells. To substantiate this observa-
tion, fixed whole mounts from mouse ears were washed for 30 
min at 4 ·c with varying concentrations of ouabain (lo- t; to 
w-3 M). After the final wash, the t issue was incubated with 
0.33 mM ATP in the absence or presence of the same ouabain 
concentration. In this experiment, the intensity of LC sta ining 
was unaltered by ouabain, even at millimolar concentrations. 
We concluded that for purposes of LC identification, cell sur-
face ATPase is strictly divalent cation-dependent. 
La.ngerhans Cell A TPase Activity is ATP Concentration-
Dependent 
Previous studies have identified ATPase-positive epidermal 
LCs in skin from a variety of animal species, generally us ing 
between 0.33 a nd 1.32 mM ATP [19]. T o determine t he sensi-
tivity to an even broader concentration range, rat ear epiderma l 
whole mounts were incubated with 4 ATP concentrations (0-
3.3 mM). In the absence of ATP, no dendritic cells were iden-
tified, while at 0.17 mM added ATP, LCs were readily observed. 
By increasing the concent ration of ATP to 0.33 mM , dendritic 
ce lls stained more intensely wit h minimal background staining 
being noted. Higher concentrations of added ATP failed to 
identify greater numbers of LCs, but did result in considerably 
more background staining, obscuring the cellular deta iL 
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Sim ilar results were obtained for disaggregated rat epidermal 
cells. At 0.033 mM ATP, only 0.3% of t he cells were observed 
to be positive (Table II). As t he concentration of ATP was 
increased, the percentage of positively stained disaggregated 
cells a lso increased with a maximum percentage being noted 
once again at 0.33 mM ATP. Thus, we conclude that 0.33 mM 
ATP is the optimal substrate concentration for identifying LCs 
in ep idermal whole mounts and disaggregated cell preparations. 
Langerhans Cells Can Be Identified Reliably with 
ADP bu.t Not AMP 
Earlier work by Wolff [9] did not address the histochemical 
specificity of LCs for each adenine nucleotide. We therefore 
investigated the relative abilities of ATP, ADP, AMP, and 
adenosine to identify LCs in rat and murine epidermal whole-
mount preparations. In the presence of 0.33 mM ATP, darkly 
stained , dendritic epidermal cells were readily identified in both 
rodent species (Fig 2A ). In 3 separate expe riments, BALB/c 
ear s kin was stained in t he presence of ATP. Mean densit ies 
(± 1 SD) of interfo llicular LCs were 1020 ± 40, 1010 ± 80, and 
960 ± 110 cells/mm2, respectively. In the presence of ADP, 
dendritic epidermal cells were also seen in even distributions 
th roughout each spec imen in both rodent species. However 
compared with ATP, t he background stain was greatly dimin-
ished, ·making t he LCs more readily distinguishable from sur-
rounding keratinocytes (Fig 28). This remarkable contrast 
between ATP a nd ADP was observed on mul t iple occasions 
without exception for both mice and rats. Mean densities (± 1 
TABLE II. Langerlwns cell ATPose activity is substrate concentration-
dependent 
ATP co ncentratio n 
(mM} 
0.0:33 
0.165 
0.330 
1.6fi0 
3.:JOO 
Sta ined cells 
(pe rcent} 
0.3 
1.4 
2.6 
2.5 
1.3 
I 
Fir. 2. Epidermal whole mounts of murine ear sk in sta ined for 
phosphatase activity using 3 ade nine nucleotides and adenosine as 
subst ra tes: A, ATP; B, ADP; C, AMP; 0, adenosine. Greatestspeci licity 
for de ndri t ic LC was seen with ADP. Bor = 40 11m. 
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SD) for t hese interfollicular LCs were 970 ± 45, 1040 ± 60, and 
1000 ± 80 ce lls/mm2 , respectively, in 3 experiments paired with 
those above that employed ATP. T o assure that ATP a nd ADP 
ident ified t he same population of dendritic cells, whole mounts 
were incubated in t he presence of 0.33 mM ATP and/or 0.33 
mM ADP. Separately, ATP and ADP identified 960 ± llO and 
1000 ± 80 cells/mm2 , respectively. In combination, t he overall 
staining of LCs was enhanced, but t he number of phosphatase-
positive cells remained the same at 1040 ± 95 cells/mmt 
confirming that both substrates identify the same dendritic cell 
population. 
The effect of AMP on t he histochemical ident ification of 
LCs was examined by incubating rat epidermal whole mounts 
in the presence of 0.33 mM AMP. Faint, but definite, stainincr 
of interfollicular dendritic cells was observed. Interestingly, i~ 
t hese same specimens, marked staining of ha ir follicle cells was 
noted (Fig 2C). When the concentration of AMP was increased 
10-fold to 3.3 mM, interfollicular epidermal LCs sta ined with 
moderate intensity whereas cellular components of t he hair 
fo llicle became very dark . With murine ep idermal whole 
mounts, both concentrations of AMP failed to ident ify den-
dritic epidermal cells although hair follicles once again stained 
darkly t hroughout each spec imen (Fig 2C). 
Similar experiments were conducted on t rypsin-disaggre-
gated ep idermal cells. In 3 sepa rate experiments, 1.6- 2.7% of 
epidermal ce lls stained positively in t he presence of 0.33 mM 
ATP (Table II) (Fig 3A). This percentage was not signifi cant ly 
different in the presence of ADP ( 1.4-2.4% ); however, once 
again , t he bac kground stain ing on keratinocytes was s ignifi -
cant ly greater for ATP t han for ADP. Using AMP as substrate 
even greater numbers of disaggregated rat epidermal cell~ 
stained positively, ran ging from 4.1-5.6% (Fig 3C). Wit hout 
the insight provided by the observation t hat murine and rat 
follicular epithelia l cells, rather than inte rfollicular dendrit ic 
cells, stained darkly in the presence of AMP, one would assume 
these positively stained cells were LCs. Our interpretation t hat 
the majority of t hese AMPase-positive cells were of follicular 
origi n was supported by t he observation of darkly stained, 
incompletely disaggregated hair fo llicles in some preparations 
(Fig 3D). 
A B 
~ 
-·· 
~ .;, ·-
... 
c 
--
F1r. 3. Disaggregated rat epide rmal ce lls sta ined for p hosphatase 
activity in the preRence of: A, ATP; B, ADP; C. AMP; 0, AMP. Bar= 
20 Jlffi. 
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Using disaggregated epidermal cells from murine (BALB/c) 
abdomina l wall sk in , ATP and ADP sta ined 2.6% and 2.3% of 
cells, respectively. Once again t here was signi fica nt ly less back-
ground staining in t he presence of ADP. To confirm t he ident ity 
of t he ADPase-positive ce lls, epiderm al cells possessing Fe 
receptors were ident ifi ed by t he formati on of rosettes with 
sheep e rythrocytes and a mouse ant i-erythroc.yte ant ibody (?a-
b r a Sullivan, personal observatwns). When t h1s cell suspensiOn 
was cytocentr ifuged and t hen stained in t he presence of ADP, 
a ll rosetted ce ll s were ADPase-positive, confirming the associ-
ation of ADP activity with Fc-positive Langerhans cells. Fi-
nally, AMP once again sta ined a great~r percentage of t he cell 
suspens ion (4 .9%) than was observed w1th etther ATP or ADP. 
Since AMP had fa iled to stain LCs in the .~hol e-mo.unt prep-
arations, it was concluded that these postttvely stamed cells 
were all of follicula r origin . 
DISCUSSION 
These studies demonstrate 3 different adenine nucleotides 
serve as active substrates for surface nucleotide phosphatases 
in rodent epidermis. We have observed that ATP does not 
demonstrate phosphatase activity on LCs with the greatest 
specificity. Rather, on a~1 equimolar bas is? ADP c?nsistently 
afforded greate r resolutiOn and detml of dendnt1c cells m 
epide rma l whole amounts t han was . observed with ATP. Of 
equal interest was the finding that AMP a lso serves a.s substrate 
for rat but not murine LC phosphatases, although th1s molecule 
is clearly t he least potent of the active adenine nucleot ides. 
Even at 10-fold greater concentrations, AMP produced less 
inten se sta ining of rat epidermal LCs t han was observed with 
e it h er ADP or ATP. On the other hand, AMPase activity 
occurred in abunda nce on epi t helial cells within ha ir fo llicles. 
Although the functional s ignificance of these observations is 
unknown, t his is the first histochemica l di ffe rence observed 
between rat and murine LCs and is t he first demonstrat ion of 
greater nucleotide phosphatase activity on ep idermal cells other 
t h a n LCs. 
P revious studies have provided functional and histochemica l 
evidence for Ca++ j Mg++ -dependent surface ATPase in severa l 
ce ll lines [14- 17,20). However, the specific effects of Ca++ and 
Mg++ on ATPase activity varies cons iderably among these 
system s [14,17,18]. In t he prese nt study we have observed no 
histochemical evidence for Na+ / K+ -dependent ATPase .acttvtty 
on LCs whereas in both epidermal whole mounts and dtsaggre-
gated c~ ll preparations, either Ca++ or Mg++ readily identified 
cell surface ATPase. Moreover, Ca++ and Mg++ were in ter-
chan aeable at t he enzyme site, with optimal staining occurring 
at a ~oncentration of 20 mM for each. This interchangeability 
was furt he r substantiated by t he finding t hat at high concen -
t r ations (200 mM), both ca++ and Mg++ resulted in a discernible 
dec rease in apparent ATPase activi ty. It is unclear whether 
this effect is a direct inhibi t ion of cell surface ATPase or 
w h ether it represe nts t he formation of cation-ATP complexes 
t h at a re inactive at the enzyme-recepto r site [21,22 ). Neverthe-
less it is clear t hat the histochemical method employed in t hese 
studies ident ifies only Ca++ / Mg++ -dependent AT P ase activity 
to occur on epidermal LC. 
Differing specificit ies for these adenine nucleot ides have 
previously been demonstrated on cells from t issues other than 
epidermis [9,20,23]. It is believed that these nucleotides interact 
with enzymes located on t he cellular plasma membrane. Ultra-
structural studies of guinea pig epide rmal LCs have demonstra-
ted t hat Ca++ / Mg++ -dependent ATPase activity is localized to 
t h e ce llula r surface [2). Presumably, receptors for ATP exist at 
or near t hese enzyme sites. Our data do not identify whether 
separate receptors exist for ADP and AMP at one enzyme site 
or whether each adenine nucleotide serves as a specific sub-
str ate for different cell surface adenine nucleotide phosphatases 
(i .e., ATPases, ADPases, and AMPases). The possibility of 
distinct aden ine nucleotide phosphatases is suggested by t he 
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demonstration of a Ca++ /Mg++ -dependent AMPase located on 
the surface of gui nea pig polymorphonuclear leukocytes (23). 
Our studies a lso argue indirectly for t he presence of separate 
adenine nucleotide phosphatases since AMP fails to identify 
murine epidermal LCs while at t he same time staining fo llicle 
cells with dark intensities. 
With respect to t he histochemical identificat ion of LCs, 
eit her as disaggregated suspensions or as whole mounts of 
epidermis, two importa nt conclusions may be derived from our 
observations. First, ADP demonstrates greater specificity for 
LCs t ha n does ATP. We consequently now employ ADP rather 
t ha n ATP for much of ou r histochemical work. Secondly, t he 
co ntamination of stock prepa rations of ATP or ADP by partial 
hydrolysis to AMP, may cause the overestimation of LCs in 
ce ll suspensions as a result of t he labeling of cells derived from 
follicular epit helium. Aside fro m proper storage of substrates, 
it is best to include LC identification in whole mounts of 
ep idermis periodically to insure that dendritic epidermal LCs 
a re indeed t he cells t hat have been labeled. 
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